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(54) Regenerative power system 

(57) A regenerative-type hybrid power system A re- 
generative-type liybrid power systenn (20). according to 
the present invention, comprises a first car (30) having 
a load (13) that comprises an electric load for driving; 
an electric power generation device (40, 4, 5) compris- 
ing at least one of electric power supply devices among 
a first electric power supply device (40) which is provid- 
ed on the first car to generate electric power, second 
electric power supply devices (5) which are provided on 
the ground to generate electric power and transmit and 
transform the generated power, and third electric power 
supply devices (4) which are provided on other cars to 
supply electric power to the outside that is surplus;a re- 
generative fuel cell (7), for storing the chemical energy 
by utilizing the electric power that is supplied from the 
electric power generation device and regenerating the 
stored chemical energy, which comprises a water elec- 
trolysis device (9). a storage device (10) for storing up 
at least the electrolyzed hydrogen and the oxygen, a fuel 
cell (11) for generating electricity using the stored hy- 
drogen and oxygen as fuel, and a heat exchanger (8) 
for the water electrolysis device, the storage device and 
the fuel cell; a regenerative control device (12) for con- 
trolling regeneration of the electric power by the regen- 
erative fuel cell (7) to supplement lack of the electric 
power that is supplied to the load (1 3>. The hybrid power 
system of this invention can realize a high speed energy 
conversion and storage system as well as a high power 
generation system to maintain high energy weight and 
volume efficiency, the purpose of this invention, the high 
speed energy conversion and storage andthe high pow- 
er generation of electricity, can be realized in a form to 



maintain high energy weight and volume efficiency. 



i ca 

lis 



o 



T 



IT, 






ROLYS 






ELECT 




EN AN 
E OEV 








1 t 




i 1 




MGER 







Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 755 088 A2 



Description 

Background of the Invention 

Field of the Invention 

The present invention relates tea hybrid power sys- 
tem which uses two electric power supply devices which 
comprise a basic electric power supply device which is 
used to adjust instantaneously excesses and deficien- 
cies of basic electric power and a substitutive electric 
power supply device to cancel electric power excess 
and Inevitable, sudden, instantaneous, or short time de- 
ficiencies which always occurs to a greater or a lesser 
extent as far as electric power Is used in the field wherein 
electric power is partly or entirely utilized and in ail the 
systems having various and utilizabia states of power 
from a first stage wherein the power is generated to a 
final stage such as a mechanical system, an electric sys- 
tem, etc. 

More specifically, the present invention relates to a 
hybrid power system that functions as a load for storing 
energy when electric power is in excess at a powerplant, 
a ground substation, or a car of the required load that is 
connected to the electric power system of the required 
load of the car; and relates to a hybrid power system 
that supplies a required load with electric power from 
the substitutive electric power supply device for adjust- 
ment when the electric power is in short supply. 

Description of the Related Art 

Referring to FIG. 6, a conventional hybrid power 
system is described. Hybrid power system 100 which is 
shown in FIG. 6 is composed of light oil storage device 

26 as an energy storage device, diesel engine 27 as an 
energy converter, electric power generation device 3, 
electric power regenerative braking device 4a on a car 
such as a regenerative device, lead acid battery 28, and 
electric power adjusting device 29. Hybrid power system 
100 is an accumulator battery regeneration-type hybrid 
power device on a car for supplying load 13 which com- 
prises a driving apparatus, etc., with electric power For 
example, the hybrid power device 100 that is shown in 
this figure is installed in a diesel locomotive. At a com- 
mon time, it generates electric power by means of elec- 
tric power generation device 3 that uses diesel engine 

27 as a driving source and it supplies the electric power 
to load 1 3 to run the car thereon and it also charges lead 
acid battery 28 with surplus power When an electric 
power shortage occurs for a short time occurs, the elec- 
tric power that is lacking is made up by the discharging 
of lead acid battery 28. The electric power that is gen- 
erated by regenerative power generation by means of 
electric power generation device 4 on the car is used for 
charging lead acid battery 28. 

Some examples of such a hybrid power system are 
shown in "Internal Combustion Engine and Accumula- 



tor" (Intersociety Energy Conversion Engineering Con- 
ference: lECEC, 15th, 1980, Vol. 3, pp. 1760) and "Hy- 
brid Power Device of External Combustion Engine and 
Accumulator" (lECEC, 27th, 1992. Vol. 3, pp. 3167). 
5 However, there were the problems that the charging 
ability (kW), which is determined by the charging speed 
of the accumulator, was low; and that the charging elec- 
tric energy (kWh) per weight was also low in such con- 
ventbnal systems. There is another hybrid power de- 
10 vice which employs an internal combustion engine and 
a flywheel (lECEC, 25th, 1994, pp. 205-211). However, 
this device has a problem that the charging capability 
(kWh) per flywheel weight is remarkably low in present 
circumstances. There is another hybrid power device 
^5 that includes an internal combustion engine and a ther- 
moelectric converter, but it has a problem of a remark- 
ably low thermoelectric conversion efficiency (lECEC, 
25th 1 994. pp. 1 41 9). There is another hybrid power de- 
vice which includes the hybrid power device of a fuel cell 
20 and an accumulator (lECEC, 23rd, 1988, pp. 227), but 
it has a problem that the weight energy efficiency of the 
accumulator and charging ability thereof are very low. 

Such conventional hybrid power devices are real- 
ized by combining multiple power generation devtees 
25 that are already being put to practical use. Those hybrid 
power devices emptoy multiple power generation sourc- 
es and utilize a mutually complementing relationship be- 
tween themselves to make up for respective defective 
points with mutual strong points and therefore a power 
30 supply system is comprised, which is more advanced 
than one comprising an independent power device. 
Though such a conventional device has now been in 
part made fit for practical use, each device has a certain 
problem in regenerative ability associated with charging 
35 ability, discharging ability, charging quantity, etc., per 
weight and volume. 

Moreover, there is a regenerative and reproductive- 
type power device, which is regarded as a regenerative- 
type power device that employs a single energy storing 
40 device belonging to a power device, to draw out stored 
power to meet the required power when it is required 
after storing the power to the energy storing device, 
which Is collected from the kinetic energy of a car by 
means of a regenerative braking (lECEC. 25th, 1 994 pp. 
45 1430). However, there was a problem of low efficiency 
which accompanied the regeneration and reproduction 
in such a conventional regenerative-type power device. 

Moreover, as a regenerative-type power device for 
use in space, there is a system that employs a regener- 
50 ative fuel cell to generate electric power, which utilizes 
hydrogen and oxygen which are stored up as fuel be- 
forehand by electrolyzing water by means of a water 
electrolysis device that employs a solar battery (lECEC, 
24th 1989, pp. 1631). However, this regenerative fuel 
55 cell is excessively used for storing and for reproducing 
energy but does not have the purpose of power suste- 
nance of a high rank order. As a corresponding system 
that is used on the ground, there is a similar regenerative 
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fuel cell system (International Hydrogen and Clean En- 
ergy Symposium sponsored by NEDO, 1995, pp. 31), 
but it is used only for storing and regenerating energy 
and it does not have a purpose of sustenance of re- 
quired power of a high rank order by means of energy s 
storing of surplus power and energy discharging in a 
maximum efficiency operation utilizing all the ability of 
power generation. There isalsoa pumped-storage pow- 
er station as another regenerative-type power genera- 
tion system (The Journal of the Institute of Electrical En- io 
gineers of Japan, Vol. 115-B, 6, 1995, pp. 447). The lo- 
cation of the pumped-storage power station is generally 
remote from the place of demand. Therefore, that sys- 
tem has a problem that power transmission loss is Inev- 
itable. 75 

In addition, there is a system employing a governor, 
etc., to adjust a supply and demand balance which is 
influenced by a change of the electric power load and 
the change of generation power due to an extraordinary 
parallel off of an electric power generation device, etc., 20 
but there Is still a problem that an adjustment speed is 
not always as fast as is expected in conventional electric 
power systems. 

Summary of the Invention 25 

It is an object of the present invention to solve the 
above-mentioned problems by realizing a speedy ener- 
gy conversion and storage system in a high power gen- 
eratbn system to maintain high energy to weight and 30 
volume efficiency. 

According to the present invention, a regenerative- 
type hybrid power system is provided, which is com- 
posed of an electric power generation and supply device 
for generating electric power and supplying an electric 35 
power system with the electric power; a regenerative fu- 
el cell for storing a chemical energy by utilizing the elec- 
tric power which is supplied from the electric power gen- 
eration and supply device and for regenerating the elec- 
tric power by utilizing the stored chemical energy, which 40 
comprises a water electrolysis device that electrolyzes 
water, a storage device that stores up at least the hy- 
drogen between the electrolyzed hydrogen and oxygen, 
a fuel cell that uses the hydrogen which is stored in the 
storage device and oxygen as fuel and generates elec- 4S 
tricity. and a heat exchanger which exchanges the heat 
of the water electrolysis device, the storage device, the 
fuel cell, and atmosphere; a load for receiving electric 
power from the electric power generation and supply de- 
vice and regenerative fuel cell; a regenerative control so 
device which compares a supply and demand difference 
between the generated electric power of the electric 
power generation and supply device and the electric 
power which the load receives. The device that electro- 
lyzes water, a storage device which stores up at least 55 
the hydrogen of the electrolyzed hydrogen and oxygen, 
a fuel cell that generates electricity using the hydrogen 
that is stored by the storage device and oxygen as fuel. 



and a heat exchanger that exchanges the heat of the 
water-electrolysis device, the storage device, the fuel 
cell, and atmosphere; a regenerative control device for 
controlling regeneration of the electric power from the 
regenerative fuel cell to supplement the lack of the elec- 
tric power that is supplied to the load. 

Another aspect of the present invention is a regen- 
erative-type hybrid power system which comprises a fu- 
el cell which comprises a water electrolyzer which elec- 
trolyze water to produce hydrogen and oxygen, and a 
storage device for storing at least hydrogen produced 
by the water electrolyzer; a load for driving a car and 
producing regenerative braking power; a foreign power 
supply system which is not included in a predetermined 
area which is determined by a contract between a power 
supplier and a demand user; a off-board power supply 
system, such as an overhead contact line, which exists 
in the predetermined area outside the car; wherein, 
when the regenerative hybrid system has a economical 
advantages under the conditions that receiving power 
from the power supplier has a room enough to supply 
power in a contract demand between the demand user 
and the power supplier with high penalty charge in the 
case of regenerative control device operates the water 
electrolysis device with the surplus power of the gener- 
ated electric power according to necessity; stores up at 
least the electrolyzed hydrogen when generated electric 
power is a supply surplus; and controls the excess and 
surplus of the electric power, which occurs in the electric 
power system, by regenerating electric power by means 
of the fuel cell with the stored hydrogen and oxygen 
when the generated electric power is lacking. 

Another aspect of the present invention is a regen- 
erative-type hybrid power system which comprises a 
first car which has a load that comprises an electric load 
for driving, air conditioner, light, etc. (as in all following 
examples); an electric power generation device com- 
prising at least one of electric power supply devices 
among a first electric power supply device which Is pro- 
vided on the first car and generates electric power, sec- 
ond electric power supply devices which are provided 
on the ground and generate electric power and transmit 
and transform the generated power, and third electric 
power supply devices which are provided on other cars 
that are different from the first car and supply to the out- 
side electric power that is surplus; a regenerative fuel 
cell for storing a chemical energy by utilizing the electric 
power that is supplied from the electric power genera- 
tion device and for regenerating the stored electric pow- 
er, which comprises a water electrolysis receiving power 
over the contract demand, and a regenerative braking 
power has a room enough to supply power over to the 
extent to which the foreign power supply system can ab- 
sorb the feedback of the braking energy to the off-board 
power supply system, the regenerative hybrid system 
operates the water electrolyzer storing up at least the 
hydrogen and oxygen to the storage device, on the other 
hand, when the foreign power except the system falls 
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below the electric power consumed by the load, the sys- 
tem operates fuel cell with hydrogen stored up and ox- 
ygen or air, and supplement the lacking power to the 
load through off board power supply line. 

The devices according to the present invention with s 
the above-mentioned compositions may function as de- 
vices which can be installed near the place of demand, 
i.e., may function as devices on site and on board. The 
devices on site and on board may increase the quality 
of the power by means of regenerative energy conver- io 
sion devices which may achieve high efficiency conver- 
sion, storage and generation of high power energy; and 
thereby improvement of the overall energy conversion 
efficiency of a car, and improvement of the electric pow- 
er quality of electric power systems are expected. More- is 
over, high level utilization of equipment which uses elec- 
tric power depending on the improvement can be ex- 
pected. That is, in the system wherein a hybrid compo- 
sition which generally includes a substitutive power gen« 
eratlon source can be established, by which the present 20 
invention is mainly characterized, by means of a hybrid 
regenerative device which has a regenerative energy 
conversion ability which provides a high speed energy 
conversion, storage and generation in a device on site 
and on board. By utilizing surplus power when the sur- 25 
plus power occurs, water is electrolyzed by a water elec- 
trolysis device with high efficiency. The hydrogen and 
oxygen which are generated by the water electrolysis 
are stored to a hydrogen and oxygen storage device, or 
the only generated hydrogen Is stored if a fuel cell gen- 30 
erates electricity using oxygen in air. Electric power is 
generated by a fuel cell which uses the stored hydrogen 
and oxygen as fuel and supplies hybrid power appropri- 
ately when power is lacking. Characteristically, conver- 
sion and storage of high speed energy and generation 3S 
of high electric power can be realized while high energy 
weight and volume efficiency is maintained. In addition, 
by making a high quality power by means of regenera- 
tive energy conversion at an electric power supply de- 
vice according to a regenerative-type hybrid power sys- 40 
tern of the present invention, it is possible to Improve 
total conversion efficiency in an electric power system 
and an electric power quality for a moving object. 

Moreover, the effect that electric power utilizing 
equipment can be used with a high level of power is ob- 45 
tainabie because of these improvement. 

Brief Description of the Drawings 

FIG. 1 is a block diagram which illustrates a com- so 
position example of a hybrid power system of self-exci- 
tation and regeneration on a car, which is one of the pre- 
ferred embodiments of the present invention. 

FIG. 2 is a block diagram which illustrates another 
preferred embodiment of a hybrid power system of ex- ss 
ternal-excitation and regeneration on a car according to 
the present invention. 

FIG. 3 is a block diagram which illustrates another 



preferred embodiment of a hybrid power system of self- 
and external-excitation and regeneration on the ground 
according to the present Invention. 

FIG. 4 lis a block diagram which illustrates another 
preferred embodiment of a hybrid power system of ex- 
ternal-excitation and regeneration on the ground ac- 
cording to the present invention. 

FIG. 5 is a block diagram which illustrates another 
preferred embodiment of a hybrid power system of link- 
age regeneration on the ground and on a car according 
to the present invention. 

FIG. 6 is a block diagram of a conventional regen- 
erative-type hybrid power supply device by a regenera- 
tion with an accumulator on a car. 

Description of the Preferred Embodiments 

One preferred embodiment of a hybrid power sys- 
tem according to the present invention is described re- 
ferring to FIG. 1. FIG. 1 shows a hybrid power system 
of a self-excitation and regeneratksn on a car. Hybrid 
power system 20 which is shown in this figure employs 
an electric power generation device 40 for generating 
electric power, which includes energy storing device 1 , 
and energy converter 2 and electric power generation 
device 3 and is installed on car 30 such as an electric 
rolling stock (hereinafter, car 30 may be regarded to in- 
clude an electric car, an electric locomotive, etc.,) to 
generate electric power on car 30. There is electric pow- 
er generation device 4 on another adjacent car, which 
consists of a regenerative apparatus, etc., and ground 
electric power station/substation 5 outside car 30 and 
they are connected with off-board power supply line 
(system) 6, which comprises a contact system as an 
overhead current collective system, no-contact system, 
such as a system using pickup coils or a third-rail-con- 
ductor-sysrem, etc., together with electric power gener- 
ation device 40. Moreover, regenerative fuel cell 7 is in- 
stalled onto car 30. 

Regenerative fuel cell 7 is composed of heat ex- 
changer 8 which cools and heats each device and at- 
mosphere, water electrolysis device (electrolyzer) 9 
which electrolyzes water, hydrogen and oxygen storage 
device 10 which stores up hydrogen and oxygen which 
are decomposed by water electrolysis device 9 and are 
regarded as a chemical energy, fuel cell 11 which gen- 
erates electricity by using the hydrogen and oxygen as 
fuel, and regenerative control device 12 which controls 
the electric power to be supplied to water electrolysis 
device 9 and the electric power which fuel cell 11 gen- 
erates. Regenerative control device 12 supervises the 
excess or deficiency condition of the electric power 
which Is supplied through distribution line 14 on car 30, 
and when lacking, it controls each device so as to supply 
the direct current or alternating current power required 
by load 1 3 such as that consists of loads for driving, such 
as motors, etc., and the other electric loads directly from 
fuel cell 11 or after changing the state if necessary. Re- 
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generative control device 12 also controls each device 
so as to control water electrolysis device 9 to electrolyze 
the stored water by supplying electric power from off- 
board power supply line 6 to water electrolysis device 9 
through distribution line 14 on the car when there is a 
surplus (room) of electric power in the electric power on 
the power supply side as seen from off-board power 
supply line 6. Regenerative control device 12, then con- 
trols hydrogen and oxygen storage device 10 to store 
the hydrogen and oxygen which are generated. 

If there is surplus electric power on the power sup- 
ply side as seen from off-board power supply line 6 when 
regenerative braking is activated at load 13, regenera- 
tive control device 1 2 also controls each device in order 
for water electrolysis device 9 to electrolyze the stored 
water by supplying electric power from load 13 in regen- 
erative braking condition to water electrolysis device 9 
through distribution line 1 4 on the car and it controls hy- 
drogen and oxygen storage device 10 to store the hy- 
drogen and oxygen which are generated. The preferred 
embodiment which Is shown in FIG. 1 can be thought of 
as a system of self-excitation on a car because it is 
equipped with one of the electric power supply sources 
for load 13 on car 30. That is, the hybrid power system 
in FIG. 1 Includes electric power generation device 40 
on the car as well as electric power generation devices 
on the ground and regenerative fuel cell 7. Moreover, it 
can be thought of as a system of self -excitation and re- 
generation on the car because regenerative fuel cell 7 
for regenerating electric power is also installed on car 
30. 

As a modification of the preferred embodiment 
shown in FIG. 1 , in case of omitting energy converter 2. 
such as a combustion engine, etc., which indirectly con- 
verts the electric energy, configuration of electric power 
generation device 40 may be changed to modify the 
generation system between energy storing device 1 and 
electric power generation device 3 to directly connect 
energy storing device 1 and electric power generation 
device 3. It is also possible to think that load 13 includes 
not only the loads which are installed on car 30 but also 
includes loads outside on other cars. A device for ac- 
quiring atmospheric air (oxygen) may be employed in- 
stead of the device for storing only oxygen in hydrogen 
and oxygen storage device 10. Furthermore, these 
modifications can be applied in the same way to the pre- 
ferred embodiments which are described below. 

Next, another preferred embodiment of a hybrid 
power system according to the present invention is ex- 
plainesd using FIG. 2. FIG. 2 shows a composition of a 
hybrid power system consisting of off-board power sup- 
ply systems (extemal-excitation systems) as contact 
systems, and on-board power supply systems (regen- 
eration systems on a car). In addition, in FIG. 2, identical 
reference numerals are attached to the components 
which are identical with those In FIG. 1 (as in all following 
examples). 

Hybrid power system 21 which is shown in this fig- 



ure is composed of an electric power generation device 
4 such as a regenerative apparatus, which is located on 
a car, ground electric power station/substation 5, and 
off-board power supply line 6, all of which exist outside 
5 car 30a; and regenerative fuel cell 7, load 1 3 as a driving 
apparatus, and distribution line 14, which is located on 
a car, all of which are installed in car 30a, In this pre- 
ferred embodiment, all the electric power which is sup- 
plied to regenerative fuel cell 7 which is installed in car 

10 30a is supplied from the outside of car 30a as long as 
generation of electricity by regenerative braking of load 
1 3 is not activated. Regenerative fuel cell 7 Is composed 
of heat exchanger 8, water electrolysis device 9, hydro- 
gen storage device 10, fuel cell 11, and regenerative 

15 control device 12 as in FIG. 1. When electric power is 
determined to be lacking, regenerative control device 1 2 
supplies load 13 with the output of fuel cell 11. as sup- 
plement power to supply on-board load from external 
power (power from electric power generation device 4, 

20 etc. ), directly, or indirectly after changing the state of the 
output to an alternating current or a direct current power 
supply to meet the requirements of load 1 3, through dis- 
tribution line 14. On the other hand, when the electric 
power is determined to be surplus, regenerative control 

25 device 12 operates water electrolysis device 9, hydro- 
gen storage device 10, and heat exchanger 8 to store 
hydrogen. 

Next, another preferred embodiment of a hybrid 
power system according to the present invention is ex- 

30 plained referring to FIG. 3. Hybrid power system 23 
which is shown in FIG. 3 is a hybrid power system of 
self-excitation and external excitation, and regeneration 
on the ground. Hybrid power system 23 is characterized 
in that the system is equipped with ground substation 

35 5a which is set up on the ground and consists of energy 
storing device 1; electric power generation device 40 
having energy converter 2 and electric power genera- 
tion device 3; and regenerative fuel cell 7a. On the 
ground, hybrid power system 23 also has electric power 

40 generation device 4 on another car comprising a regen- 
erative apparatus, etc.. and ground electric power sta- 
tion/substation 5 as other electric power sources; and 
also has off-board power supply line 6. Therefore, in this 
preferred embodiment, only load 13 and distribution line 

45 14 are provided in car 30b and car 30b is not equipped 
with any device for generating electric power. Electric 
power for load 13 is supplied through off-board power 
supply line 6 and distribution line 14, which is on the car. 
from ground substations 5 and 5a and electric power 

50 generation device 4 which is on another car. Regener- 
ative fuel cell 7a is composed of heat exchanger 8, water 
electrolysis device 9, hydrogen storage device 10, fuel 
cell 1 1 , all of which are composed like the corresponding 
components shown in FIG. 1. and regenerative control 

55 device 12a. Regenerative control device 12a deter- 
mines the excess or deficiency condition of electric pow- 
er and, when lacking, it supplies the electric power that 
fuel cell 11 generates to load 13, such as a driving de- 



5 



EP 0 755 088 A2 



10 



vice, through off-board power supply line 6 and distribu- 
tion line 14, which is located on the car. directly or indi- 
rectly after changing the state of the electric power to 
an alternating current or a direct current power which 
load 1 3 requires according to demand. When the elec- s 
trie power Is determined to be surplus, regenerative con- 
trol device 12a operates water electrolysis device 9, hy- 
drogen storage device 10, and heat exchanger 8 so as 
to store hydrogen. 

Next, another preferred embodiment of a hybrid io 
power system according to the present invention is ex- 
plained referring to FIG. 4. FIG. 4 illustrates a hybrid 
power system consisting of power transmission lines as 
grid and regeneration equipment on the ground. The 
power transmission line 34 is placed in a supervising is 
area of a power supplier, which isdetermined with a con- 
tract between the power supplier ar^d a demand user. In 
the hybrid power system in FIG. 4, ground substation 
5b has no equipment for power generation. Electric 
power is supplied to load 13 through off-board power 20 
supply line 6 firom regenerative control device 12b, 
which may include a DC-DC converter, a DC-AC invert- 
er, etc., or directly from receiving and transforming 
equipment 15 which is connecting with power transmis- 
sion line 34 when load 1 3 Is an AC type or directly from 2S 
rectifier 16 when load 13 is a DC type, without passing 
through control device 12b (these routes are not illus- 
trated). Electric power is also supplied to load 13 
through off-board power supply line 6 from an electric 
power generation device 4, such as a regenerative brak- 30 
ing apparatus, which is on another car. In ground sub- 
station 5b, the electric power which is supplied from 
power transmission line 34 is supplied to regenerative 
control device 12b, for instance, after being transformed 
by receiving and transforming equipment 1 5 and being 3$ 
rectified by rectifier 16 if the supplied power is alternat- 
ing current power of commercial power frequency. Re- 
generative fuel cell 7b which is installed in ground sub- 
station 5b is composed of heat exchanger 8, water elec- 
trolysis device 9, hydrogen storage device 10, fuel cell 40 
11, and regenerative control device 12b. Regenerative 
control device 12b supervises the excess or deficiency 
condition of electric power and, when determined as 
lacking, it supplies the electric power of fuel cell 11 to 
load 1 3 through off-board power supply line 6 and dis- ^5 
tribution line 14, directly or indirectly after changing the 
state of the electric power to an alternating or a direct 
current power which load 1 3 requires according to de- 
mand. When electric power is determined to be surplus, 
regenerative control device 1 2b operates water electrol- so 
ysis device 9, hydrogen storage device 10. and heat ex- 
changer 8 so as to store hydrogen. 

Furthermore, the composition of ground substation 
5b Is not restricted to the one described above. For in- 
stance, it is possible to supply electric power to toad 1 3 ss 
through receiving and transforming equipment 15 di- 
rectly from power transmission line 34 by installing a 
converter into regenerative control device 12b to con- 



vert the alternating current to a direct current and then 
to omit the rectifier 16. 

Next, another preferred embodiment of a hybrid 
power system according to the present invention" is de- 
scribed referring to FIG. 5. The system which is shown 
in FIG. 5 comprises a regenerative fuel cell for linkage 
regeneration on the ground and on a car. The system is 
composed of regeneration system 19, which is located 
on a car, and which is the same as that shown in FIG. 
1 or FIG. 2 (system 20 of FIG. 1, or system 21 of FIG. 
2); and regeneration system 22. which is located on the 
ground, which is the same as that shown in FIG. 3 or 
FIG. 4 (system 23 of FIG. 3, or system 24 of FIG. 4) 

Each hybrid power system works in close coopera- 
tion to supply a load 13, such as a driving device, with 
electric power. In this system, linkage line 25 is provided 
between regeneration system 19, which is located on a 
car, and regeneration system 22, which is located on the 
ground, to send and receive control signals which are 
utilized for linking control of electric power in each sys- 
tem. The hybrid power system of FIG. 5 operates each 
system In a linked condition or operates each system 
independently corresponding to various conditions. The 
system has a high degree of freedom of operation and 
therefore can easily realize energy storage and energy 
discharge of surplus power which is produced by a max- 
imum efficiency operation of power generation ability. 
Therefore, the sustenance of high rank order power can 
be more easily achieved than in the other preferred em- 
bodiments. 

Next, operations and possible effects when utilizing 
the above-mentioned hybrid power systems are herein- 
after described. 

(1) Speedup of cars using existing substation ca- 
pacity. 

With increasing distance from a substation, 
even if the substation has enough substation ca- 
pacity or the substation has a constant voltage con- 
trol system, the voltage of a feeder circuit falls due 
to the voltage drop by the feeder circuit constant. A 
run curve which is used as a condition for determin- 
ing the standard operation time of an operating train 
is fixed in order that the feeder voltage does not fall 
bekjw an allowable minimum voltage in each feeder 
section, presupposing there is a certain voltage 
drop by a feeder circuit. Therefore, a voltage sur- 
plus is caused in some feeder sections. Using a hy- 
brid power system according to the present inven- 
tion, by storing electric power into a regenerative 
fuel cell at a feeder section in which a surplus volt- 
age is caused and by regenerating the electric pow- 
er stored up in a feeder section in which a voltage 
drop occurs, an apparent impedance of the feeder 
circuit which is seen from a load on a car can be 
reduced by this usage. It is also possible to regard 
the feeder circuit, as seen from the load on the car, 
as a constant voltage power supply without chang- 
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ing existing substation capacity by this usage. A 
higher allowable minimum setting voltage can, 
therefore, be used when the run curve of the car Is 
determined, and increases in the speed of the car 
can also be realized. s 
(2) Prevention of a substation capacity Increase and 
establishment of a new substation for high power 
trains which run in low frequency in feeder sections 
that are designed as a railway for a standard train 
organization, and the effect of preventing the feeder io 
voltage from being less than an allowable minimum 
voltage 

Substation capacity is set to correspond suffi- 
ciently to a standard train organization which runs 
In a feeder section. On the other hand, there are is 
some needs for electric locomotives which have 
bigger outputs than standard train organizations for 
high power trains like limited express trains which 
have relatively longer train organizations, etc., to 
run in low frequency In the feeder section In which 20 
a substation capacity is determined according to a 
standard train organization. However, In conven- 
tional systems, It is not possible to run such irregular 
train organizations without changing facilities be- 
cause a lack of a substation capacity, or the occur- 2S 
rence of feeder voltage falling below an allowable 
minimum voltage due to a voltage drop are always 
expected. On the other hand, If using a hybrid power 
system according to the present Invention. It Is pos- 
sible to prevent the lack of a substation capacity and so 
the fait of a voltage below the allowable minimum 
voltage due to a voltage drop, and it is. therefore, 
possible to avoid a substation capacity increase, 
and the establishment of a new substation to run 
high power trains which are use In low frequency. 35 

(3) Reduction effect of capital expenses for new line 
construction by extending substation Inten/al for 
trains which run on the new line in a low frequency 

By introduction of a hybrid power system of re- 
generation on a car according to the present Inven- 40 
tion, it is possible to extend the substation inten/al 
because It is possible to generate electricity on a 
car to supplement the power or the voltage which 
is lacking in the middle of adjacent substations or 
at the end section of a one-direction sending sub- 45 
station. 

(4) Sen/ice improvement effects by avoiding railcar 
operation In electrified sections or transferring pas- 
sengers at points between electrified and non-elec- 
trified sections so 

There is an example that a mixed car compris- 
ing an electric car and a railcar is used for sections 
which Include both electrified and non-electrified 
sections In a conventional system. However, if a hy- 
brid power system of on-car-regeneration accord- ss 
ing to the present invention Is Introduced, it is pos- 
sible to organize a train using only electric cars and 
thereby obtain high serviceability. If the train is 



equipped with a regenerative fuel cell, it is possible 
to run the train through non-electrified sections lo- 
cated between electrified sections when the non- 
electrified sections are relatively'short. It is also pos- 
sible to avoid upgrading of narrow tunnels when 
electrifying a railroad with frame lines by leaving the 
tunnel as a non-electrified section and running 
trains equipped with a regenerative fuel cell in the 
tunnel. Therefore, the investment effect of electrifi- 
cation improves because expensive tunnel upgrad- 
ing expenses can be reduced. 

(5) Energy saving operation by using deactivated 
electric power during regenerative braking genera- 
tion of electricity 

Electric power generated by regenerative brak- 
ing is basically supplied to another car which runs 
close to the car that generates the power. However, 
when the regenerative braking power is surplus for 
the reaison that there Is no train running nearby, etc. , 
the regenerative braking power is deactivated to 
prevent a voltage rise in the feeder circuit. On the 
other hand, It is possible to utilize such deactivated 
electric power for charging a regenerative fuel cell 
if a hybrid power system according to the present 
invention is employed. Therefore, an energy saving 
effect, a substation capacity reduction effect, a shoe 
consumption reduction effect, etc., may be expect- 
ed If a hybrid power system according to the present 
invention is introduced. 

(6) Capital expenses reduction effect by eliminating 
installation of spare conversion equipment 

In conventional systems, spare electric power 
conversion equipment is required to prevent train 
operation hindrance in the case of trouble with reg- 
ularly used conversion equipment. However, a hy- 
brid power system according to the present Inven- 
tion can avoid the installation of spare conversion 
equipment because a regenerative fuel cell can be 
used instead of the spare conversion equipment. 
That is, it is possible to prevent train operation hin- 
drance even if the regularly used conversion equip- 
ment causes trouble and the above-described cap- 
ital expenses reduction effect may be expected. 

In addition to the above-mentioned possibilities, 
there are some other possibilities as follows. A fixed 
minimum charge for a power company Is determined by 
a measured demand peak value. Therefore, an effect of 
a reduction in expenses cut effect may be expected be- 
cause reduction in the peak value may be possible with 
a hybrid power system that has multiple supplies on a 
car and on the ground. When attempting stable electric 
power transmission in an electric power system, there 
are some criteria to be secured with regard to voltage 
stability as well as steady-state stability and transition 
stability for electric power. In the past, for electric power 
stability, stabilization of electric power is attempted by 
controlling the reactive power of lead and lag by means 
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of SVC, SVG. a synchronous phase modifier, etc. For 
voltage stabilization, stabilization of voltage is attempt- 
ed by cancellation of tide deviation in an electric power 
system by means of a proper arrangement of the power 
supply, promotion of transmission voltage, increase and 
buildup of power transmission lines and substations, 
etc. These conventional methods are associated with 
impedance control (mainly controlling reactance) or 
voltage source control during electric power trar>smis- 
sion and fast control speed is requested in such a con- 
trol. 

On the other hand, if using a hybrid power system 
according to the present invention, it is possible to easily 
solve the problem because the control speed of the hy- 
brid power system of the present invention is faster than 
those of the conventional methods. The problem of an 
electric current increase can also be improved because 
a regenerative fuel cell operates as an electric current 
source. Moreover, steady-state stabilization and transi- 
tion stabilization of the electric power and stabilization 
of the voltage can be improved at the same time be- 
cause on-site power generation system approaching 
the place of demand can be established according to 
the present invention. 

Usage efficiencies of electric power facilities by time 
average such as a whole day average, one month av- 
erage, one season average, and one year average are 
not always so high although a spare supply percentage 
which is a facility surplus percentage at a peak in electric 
power systems is normally less than 10% and does not 
include such a large margin. In the present invention, 
the water electrolysis device and the hydrogen and ox- 
ygen storage can operate as a load for load leveling. 
That is, regeneration at the regenerative fuel cell may 
be used for controlling steady-state and transition sta- 
bilization of electric power and voltage stabilization by 
utilizing the stored energy of hydrogen and oxygen gen- 
erated by the regenerative generation. 



Claims 

1 - A regenerative-type hybrid power system, compris- 
ing: 

electric power generation and supply means for 
generating electric power and supplying an 
electric power system with the electric power; 
a regenerative fuel cell for storing a chemical 
energy by utilizing the electric power which is 
supplied from said electric power generation 
and supply means and for regenerating the 
electric power by utilizing the stored chemical 
energy, comprising: 

a water electrolysis device which electrolyzes 
water, 

a storage device which stores up at least the 
hydrogen between the electrolyzed hydrogen 
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and oxygen, 

a fuel cell which uses the hydrogen which is 
stored up to the storage device and oxygen as 
fuel and generates electricity, and " * 
a heat exchanger which exchanges heat of the 
water electrolysis device, the storage device, 
the fuel cell and atmosphere; 
a load for receiving electric power from said 
electric power generation and supply means 
and said regenerative fuel cell; 
regenerative control means which compares a 
supply and demand difference between the 
generated electric power of said electric power 
generation and supply means and the electric 
power which said load receives, and when the 
generated electric power is a supply surplus, 
operates said water electrolysis device with a 
surplus power of the generated electric power 
if necessary and stores up at least the electro- 
lyzed hydrogen, and when the generated elec- 
tric power is lacking, controls excess and sur- 
plus of the electric power, which occurs In said 
electric power system, by regenerating electric 
power by said fuel cell with the stored hydrogen 
and oxygen. 

A regenerative-type hybrid power system, compris- 
ing: 

a first car which has a load that comprises an 
electric load for driving; 

electric power generation means comprising at 
least one of electric power supply devices 
among a first electrk: power supply device that 
is provided on sakJ first car and generates elec- 
tric power, second electric power supply devic- 
es which are provided on the ground and gen- 
erate electric power and transmit and transform 
the generated power, and third electric power 
supply devices which are provided on other 
cars that are different from said first car and 
supply to the outside electric power that is sur- 
plus; 

a regenerative fuel cell for storing a chemical 
energy by utilizing the electric power that is 
supplied from said electric power generation 
means and for regenerating the stored chemi- 
cal energy, which comprises a water electroly- 
sis device that electrolyzes water, a storage de- 
vice which stores up at least the hydrogen be- 
tween the electrolyzed hydrogen and oxygen, 
a fuel cell that generates electricity using the 
hydrogen that is stored up by said storage de- 
vice and oxygen as fuel, and a heat exchanger 
that exchanges heat of said water electrolysis 
device, said storage device, said fuel cell, and 
atmosphere; 

regenerative control means for controlling re- 
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generation of electric power by said regenera- 
tive fuel cell to supplement lack of the electric 
power that is supplied to said load. 

A regenerative-type hybrid power systenn according s 
to claim 2, wherein said regenerative control means 
controls regeneration of the electric power to sup- 
plement the lack of the electric power by 

operating said water electrolysis device and io 
storing up at least the hydrogen between the 
generated hydrogen and oxygen to said stor- 
age device according to demand, if one among 
the electric power that is supplied from said 
electric power generation means, the electric is 
power that is regenerated by said electric load 
for driving, and the sum of both electric power 
exceeds electric power consumed by said load 
when electric power is regenerated by said 
electric load for driving, and 20 
operating said fuel cell with the hydrogen stored 
up and oxygen according to demand after mak- 
ing a predetermined economical decision in 
electric fee system, when the electric power 
that is supplied from said electric power gener- 2S 
ation means falls below the electric power con- 
sumed by said load. 

A regenerative-type hybrid power system defined in 
one of claims 1 , 2, and 3, wherein said electric pow- so 
er generation means includes at least said second 
electric power supply device; and the second elec- 
tric power supply device and said first car comprise 
said regenerative fuel ceils, respectively; and said 
regenerative control means control regeneration of 3S 
the electric power that both the fuel cells regener- 
ate, which said second electric power supply device 
and said first car comprise, by linkage operation ac- 
cording to demand. 

40 

A regenerative-type hybrid power system defined in 
one of claims 1 , 2, and 3. wherein said electric pow- 
er generation means includes at least said second 
electric power supply device; and the second elec- 
tric power supply device and said first car comprise 4S 
said regenerative fuel cells, respectively; and said 
regenerative control means control regeneration of 
the electric power that the fuel cells regenerate, 
which said second electric power supply device and 
said first car comprise, according to a demand-to so 
maintain a maximum efficiency operation of regen- 
eration in both the fuel cells by linkage operation. 

A regenerative-type hybrid power system, compris- 
ing: 55 

a fuel cell which comprises a water electrolyzer 
which electrolyze water to produce hydrogen 



and oxygen, and a storage device for storing at 
least hydrogen produced by the water electro- 
lyzer; * 

a load for driving a car and producing regener- 
ative braking power; 

a foreign power supply system which is not in- 
cluded in a predetermined area which is deter- 
mined by a contract between a power supplier 
and a demand user; 

a off-board power supply system, such as an 
overhead contact lir^e, which exists in the pre- 
determined area outside the car; 
wherein, when the regenerative hybrid system 
has a economical advantages under the condi- 
tions that receiving power from the power sup- 
plier has a room enough to supply power in a 
contract demand between the demand user 
and the power supplier with high penalty charge 
in the case of receiving power over the contract 
demand, and a regenerative braking power has 
a room enough to supply power over to the ex- 
tent to which the foreign power supply system 
can absorb the feedback of the braking energy 
to the off-board power supply system, the re- 
generative hybrid system operates said water 
electrolyzer storing up at least the hydrogen 
and oxygen to said storage device, on the other 
hand, when the foreign power except the sys- 
tem falls below the electric power consumed by 
said load, the system operates fuel cell with hy- 
drogen stored up and oxygen or air, and sup- 
plement the lacking power to the load through 
off board power supply line. 
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